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Abstract
We examined the tonal alignment and scaling patterns of the
start and end points of the French late rise, using a rate manip-
ulation paradigm. Our findings call into question aspects of the
segmental anchoring hypothesis: the low starting point of the
late rise was not stably anchored to a segmental landmark, and
for some speakers, F 0 excursion size varied across rates. The
position of the peak of the late rise was found to vary across
syllable structures. To account for the observed patterns, we
propose the notion of an “anchorage,” that is, a region within
which an intonational turning point can anchor. For the peak of
the French late rise, this anchorage stretches from just before
the end of the vowel of the last full syllable of the accentual
phrase to the end of the phrase.
1. Introduction
1.1. Segmental anchoring
The “segmental anchoring” hypothesis makes strong predic-
tions about the nature of fundamental frequency (F 0) rises and
falls cross-linguistically. It claims that the temporal alignment
of both the start and the end of an F 0 movement will be defined
with respect to landmarks in the segmental string ([1], [2]), and
studies report a remarkable precision of the start and end of F 0
rises and falls with respect to these “anchor” points, sometimes
on the order of a few milliseconds (see, for example, [3]).
Proponents of segmental anchoring have also assumed that
F 0 excursion size will remain fairly stable. This tonal scaling
assumption is crucial to a rate manipulation paradigm used in
segmental anchoring studies (e.g., [4]). Ladd et al., 1999 ([1]),
who introduced the term “segmental anchoring,” reasoned that
given stable temporal alignment and stable F 0 excursion size,
F 0 rises in fast speech should have shorter rise times and thus
steeper slopes. They tested this hypothesis against a competing
hypothesis in which speakers seek to maintain a constant slope.
1.2. Some basics of French intonational structure
All accounts of French intonation agree that the utterance is di-
vided into smaller units, called Intone`me intonatif mineur ([5]),
Accentual Phrase (AP) ([6]), etc. by various researchers. This
AP is typically characterized by an F 0 rise on the last syllable
of a phrase that is not utterance-final and an optional early rise
near the beginning of the phrase. The late (final) rise is a marker
of the “primary accent,” and the early (initial) rise is a marker of
the “secondary accent.” In an Autosegmental-Metrical frame-
work (AM, e.g., [7]), an AP with this two-rise pattern would be
transcribed with a series of L(ow) and H(igh) tones, LHLH. An
example, drawn from the current study, is shown in Fig. 1.
1.3. Goals of the study
The first main goal of the study was to examine the claims of
segmental anchoring with respect to the start (L2) and end (H2)
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Figure 1: Accentual phrase la pyramide produced with an early
and a late rise (LHLH). Target syl.: /mid/, (CVCobs).
of the French late rise.
The second goal was to determine the precise landmark to
which H2 is aligned, a question left open in our earlier stud-
ies, in which we concluded (rather vaguely) that this peak was
achieved “close to the end” of the last syllable of the AP ([8]).
1.3.1. Syllable structure and H2 alignment
We examined whether H2 alignment differs according to
whether the associated syllable (the last full syllable) is open
(CV, e.g., salami /sa.la.mi/), closed by a sonorant (CVCson,
e.g., vitamine /vi.ta.min/) or closed by an obstruent (CVCobs,
e.g., pyramide /pi.öa.mid/). This allowed us to examine three
potential “segmental anchors”: (1) end of the last syllable
vowel, (2) end of the sonorant rhyme, (3) end of the sylla-
ble. Each of these makes different predictions about H2 align-
ment. In the first case, H2 should be systematically realized at a
fixed position with respect to the end of the vowel, regardless of
rhyme structure. In the second case, we expect H2 to be realized
at a fixed position with respect to the vowel in CV and CVobs
items, but with respect to the coda consonant for CVCson ones.
In the last case, we expect the same pattern of temporal align-
ment, but with possible undershoot of H2 in CVCobs syllables.
1.3.2. L2 alignment
Our earlier work showed considerable variability in L2 align-
ment: L2 was sometimes realized in the final syllable of the AP,
sometimes in the penultimate syllable ([8], [9], see also [10]). It
was thus not possible to suggest plausible specific segmental an-
chors a priori. We instead examined whether L2 was associated
to one of the last two syllables of the AP or whether L2 behaved
like a “leading tone” of H2 in the usual Autosegmental-Metrical
meaning of this term. If the former is true, we expect to find that
L2 is consistently aligned with respect to a syllable landmark,
and to be able to identify potential segmental anchors. If the lat-
ter is true, we expect that L2 will be realized at an “fairly invari-
ant” interval before H2 ([7]) and that rise times will vary very
little within a speaker. Even if no invariant interval between L2
and H2 is found, if both are consistently realized near the end
of the AP, this will be evidence for an alternative hypothesis in
which L2 and H2 form a loose unit.
1.3.3. Hypotheses concerning the L2/ H2 relationship
We also examined a number of hypotheses concerning the re-
lationship between L2 and H2, notably whether a constant rise
time, F 0 excursion size, or slope is found within a given rate
and under changes in rate.
2. Methods
2.1. Materials
The corpus contained six short paragraphs with triplets of target
words.1 An example is given in (1), with targets underlined.
(1) La cuisine de Marie-Noe¨lle regorge de victuailles. Un salami
qui a e´te´ rapporte´ de Parme suinte d’une graisse tre`s promet-
teuse. Sur la desserte, un immense compotier de´borde de fruits
de toutes sortes. Les vitamines qu’ils rece`lent naturellement sont
un pre´texte pour les gourmands. Une pie`ce-monte´e en choux
et nougatine troˆne sur le buffet. La pyramide qui de´gouline de
caramel fera suˆrement des amateurs.
‘Marie-Noe¨lle’s kitchen is overflowing with provisions. A salami
that was brought back from Parma is dripping with very promis-
ing grease. On the side table, a giant bowl is brimming with all
kinds of fruit. The vitamins that they naturally contain are just
an excuse for people who like to eat. A layer cake with puff pas-
tries and nougatine is prominently displayed on the cabinet. The
pyramid, dripping with caramel, will surely be appreciated.’
Within each triplet, the target words differed in the rhyme
structure of the last syllable: it was either CV (e.g., salami),
CVCson (e.g., vitamine), or CVCobs (e.g., pyramide). All tar-
gets were three-syllable nouns or substantive adjectives with the
syllabic structure C1V1.C2V2.C3V3(C4), where C3 was a sono-
rant, and to the extent possible, C1 and C2 were at least voiced.
Within a triplet, the sequence V2.C3V3 in the target region (e.g.,
/a.mi/ in the triplet in (1)) was identical.
Each target word appeared sentence-initially, preceded by
a form of the definite article (le, la, les). The resulting noun
phrase was followed by a relative clause beginning with a rela-
tive pronoun (qui, qu’il, qu’elle, qu’ils), which was followed by
the verb phrase of the main clause.
The targets contained a variety of vowels (/a, E, i, o/), sono-
rant coda consonants (/m, n, l/) and voiced and voiceless ob-
struent coda consonants (/d, z, t, s/). Voiced coda obstruents,
however, were always at least partially devoiced.
2.2. Participants
The participants were six native speakers of standard Hexago-
nal French,2 all women from the Paris region. They were all
students or researchers at universities in Grenoble and had an
average age of 26.8. Five of the speakers were naive to the hy-
potheses; Speaker 6 is author HL. Speakers were paid e10 for
their participation, which lasted about a half hour.
2.3. Procedures
Each participant read the six paragraphs, first at a self-selected
normal rate, then at a fast rate. Speakers were recorded at 44.1
kHz onto digital audio tape (DAT), using a Shure SM10A head-
worn microphone in a sound attenuated chamber at the Insti-
tut de la Communication Parle´e. The data were transferred
to computer, then downsampled to 22.05 kHz. The soundfiles
were segmented and each utterance saved as a separate file. F 0
curves and spectrograms were created using Praat speech anal-
ysis software ([11]).
1A second corpus, a list of sentences, was also recorded. Due to
space constraints, we discuss only the paragraph corpus here. The same
general patterns of alignment held across both corpora.
2The French of France, l’Hexagone.
For the target word in each utterance, word, syllable, and
segment boundaries were tagged, as were the syllables imme-
diately preceding and following the target and the beginning
and the end of the utterance, using waveforms and spectrograms
to guide the segmentation. Praat scripts were written to semi-
automate this process.
The intonational features tagged included H1 (peak of early
rise), L2 (start of late rise), and H2 (peak of late rise) (see
Fig. 1). The position of peaks was defined in the labelling script
as the time of the local f0 maximum, automatically detected,
then hand-corrected if necessary. Since L2 did not always cor-
respond to an F 0 minimum, a line-fitting procedure was used to
automatically calculate the position of L2. We do not detail the
procedure here, but refer the reader to [8] and [9] for a detailed
explanation.
3. Results
3.1. Rate manipulation
Average speaking rate in syllables/second was calculated for
each speaker in each speaking rate. Rate was calculated across
entire paragraphs, across sentences, and across target words.
All speakers successfully raised their speaking rate from the
normal to the fast rate for all three sets of comparisons.
3.2. Rise time, F 0 excursion, slope analyses
For these and subsequent analyses, we examined only items
with the LHLH pattern. Of the 216 items (3 target words ×
6 paragraphs × 6 speakers × 2 rates), 80 were produced with
other patterns, and were excluded. Three items produced with a
clear final schwa in the target AP were also excluded. In addi-
tion, we do not consider Speaker 6’s data for this corpus, since
she produced only ten LHLH items. This left a total of 123
items for the analyses.
The statistical analyses were somewhat complicated by the
unexpectedly low rate of LHLH patterns in target APs. Com-
parison of the normal vs. fast rate productions was not possible
for all pairs.
We performed paired t-tests between the normal and the
fast rate means for F 0 excursion (H2F 0 − L2F 0), rise time
(timeH2 − timeL2), and slope (F 0 excursion/rise time).
Means are given in Table 1.
Rise time Rise times were numerically longer in the normal
rate than in the fast rate for all speakers, but this difference was
statistically significant for only two speakers (Speaker 2: t =
3.28, df = 9, p < 0.01; Speaker 5: t = 3.02, df = 15, p <
0.01). Independent t-tests using all 123 items with LHLH in the
target region showed the same pattern for these two speakers.
Speakers did not maintain a constant rise time, as shown
rise F 0.
time exc. slope
(S.E.) (S.E.) (S.E.)
S norm fast norm fast norm fast N pairs
1 138 126 119 95 .93 .75 5
(13) (12) (19) (15) (.23) (.12)
2 127 95** 69 48* .57 .51 10
(11) (7) (9) (4) (.08) (.04)
3 109 96 28 27 .26 .28 7
(8) (11) (3) (4) (.03) (.03)
4 116 100 35 38 .31 .39* 9
(9) (7) (3) (3) (.02) (.03)
5 114 91* 30 31 .28 .38* 16
(7) (7) (2) (3) (.03) (.04)
Table 1: Mean F 0 excursion (Hz), rise time (ms), and slope
(Hz/ms) by speaker and rate. * p < 0.01, ** p < 0.05.
by the standard errors in Table 1. In the 21 items available for
Speaker 1, for example, rise times for the late rise varied from
a minimum of 104 ms to a maximum of 167 ms.
F 0 excursion Another series of paired t-tests tested the ef-
fect of rate on F 0 excursion size. Analyses were performed in
hertz, ERBs ([12]), and semitones ([13]). Values are reported
in hertz. Only Speaker 2, showed a significant effect of rate
on F 0 excursion, with larger F 0 excursions in the normal rate
(t = 2.49, df = 9, p < 0.05). The same results were found us-
ing semitones and ERBs, and in the independent t-test analyses.
Slope We examined whether speakers seek to maintain a
constant slope in two ways. We first performed a series of
paired t-tests for each speaker to test whether slope differed
across rates. For two speakers, there was a significant rate ef-
fect (Speaker 4: t = 3.11, df = 15, p < 0.01; Speaker 5: t =
5.27, df = 8, p < 0.01). The same pattern was found in the
ERB and semitone analyses. In the independent t-test analyses,
the same pattern was found for Speaker 5. We then performed
correlation analyses to examine whether rise time and F 0 excur-
sion size were positively correlated, as predicted by a constant
slope hypothesis (as described by [1]). The correlations were
significant for two speakers, Speaker 2 (r = 0.442, p < 0.05)
and Speaker 3 (r = 0.527, p < 0.05).
3.3. H2 scaling in CVCobs vs. CV and CVCson syllables
We compared H2 scaling in syllables with obstruent rhymes
vs. those with sonorant rhymes, to see whether there was un-
dershoot of H2 in CVCobs syllables. For only one speaker,
Speaker 4, was there a significant difference: H2 was signifi-
cantly lower in CVCobs syllables than in CV and CVCson syl-
lables (213 Hz vs. 222 Hz; t = 2.64, df = 23, p < 0.05).
3.4. L2 alignment
We examined L2 alignment, first plotting the results by speaker
and rate. L2 was almost always realized in the last syllable
of the accentual phrase, although it was also occasionally re-
alized in the penultimate syllable. We examined L2 alignment
with respect to two landmarks: the beginning of the last sylla-
ble of the AP (begS3toL2) and the beginning of the vowel of
that syllable (begV3toL2). The results are shown in Table 2.
Paired t-tests were conducted to examine the potential effect of
rate. For two speakers, L2 alignment was affected by rate. For
Speaker 1, L2 was aligned later in the normal rate than in the
fast rate (begS3toL2: t = 4.11, df = 4, p < 0.05, begV3toL2:
t = 3.82, df = 4, p < 0.05). Speaker 5 showed the reverse
pattern (begS3toL2: t = 2.67, df = 15, p < 0.05, begV3toL2:
t = 2.65, df = 15, p < 0.05). Similar patterns were found in
the independent t-tests analyses.
Norm. Fast Norm. Fast
begS3 begS3 begV3 begV3
toL2 toL2 toL2 toL2
S (S.E.) (S.E.) (S.E.) (S.E.) N pairs
1 80 15* 4 −44* 5
(12) (7) (10) (9)
2 55 53 −25 −20 10
(7) (7) (7) (6)
3 63 37 1 −14 7
(14) (18) (9) (16)
4 80 80 3 10 9
(12) (13) (14) (13)
5 54 68* −14 3* 16
(6) (7) (6) (6)
Table 2: L2 alignment (ms). ∗p < 0.05.
endV3toH2 endSonRhymetoH2
S S3 structure (S.E.) (S.E.) N
1 CVCobs 8 (7) 8
CVCson 15 (8) −71 (7) 6
CV −8 (3) 7
2 CVCobs −9 (4) 8
CVCson 31 (10) −37 (4) 8
CV −14 (3) 8
3 CVCobs −9 (3) 6
CVCson 22 (9) −45 (8) 6
CV −12 (2) 7
4 CVCobs −11 (3) 10
CVCson 38 (6) −50 (3) 8
CV −10 (5) 7
5 CVCobs −13 (2) 11
CVCson 34 (5) −54 (7) 12
CV −15 (2) 11
Table 3: H2 alignment (ms).
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Figure 2: Accentual phrase les vitamines produced with an
early and a late rise (LHLH). Target syl.: /min/, (CVCson).
3.5. H2 alignment
Plots of H2 alignment by speaker revealed apparent alignment
differences based on syllable structure, but not on rate. We
therefore combined rates in the alignment analyses. We exam-
ined H2 alignment with respect to two landmarks: the end of
the last syllable vowel (endV3toH2) and the end of the sono-
rant rhyme of that syllable (endSonRhymetoH2). As shown in
Table 3, the following general patterns of H2 alignment were
found. First, H2 was generally aligned later in CVCson sylla-
bles than in CV and CVCobs syllables (cf. H2 alignment, Fig. 2
vs. Fig. 1). Second, in CVCobs and CV syllables, H2 was real-
ized within 20 ms of the end of the vowel. Third, H2 in CVCson
syllables was generally realized before the end of the coda con-
sonant (as shown by the negative endSonRhymetoH2 means).
Finally, standard error tended to be larger for the CVCson struc-
ture, indicating greater variability in H2 alignment.
For Speakers 2, 3, 4 and 5, all comparisons between
CVCson and the other two structures (and only those com-
parisons) were significant, for both endV3toH2 and endSon-
RhymetoH2 comparisons. For Speaker 1, the following com-
parisons were significant: CVCson vs. CV for endV3toH2,
CVCson vs. CVCobs and CVCson vs. CV for endSon-
RhymetoH2.
4. Discussion and Conclusion
The analyses of F 0 excursion, rise time, and slope analyses
showed a great deal of inter-speaker variability. We found some
significant rate effects for each of the three parameters, but no
patterns that held for all (or even most) speakers. These results
thus fail to overwhelmingly support either the segmental an-
choring hypothesis or the constant slope hypothesis. The vari-
ability observed is unsurprising since similar results were found
in earlier studies of French ([14] and [9]).
We failed to find a stable anchor point for L2. The late rise
often began in the onset consonant of the last syllable of the AP
or early in the vowel of this syllable; so it might be tempting to
suggest that the L2 anchor point is the beginning of the sylla-
ble. However, consideration of all the available evidence, from
the current study as well as from our previous work and from
reports in the literature, suggests that such a conclusion would
be premature. The rate differences in L2 alignment found for
two speakers are unexpected in a segmental anchoring account.
L2 alignment showed considerable variability even for speakers
without significant rate effects (see, for example, standard errors
for Speakers 3 and 4, Table 2). And finally, there are cases in
the current study and in previous studies in which L2 is realized
fairly late in the last syllable or in the penultimate syllable.
The lack of constant rise times is evidence against the lead-
ing tone hypothesis. Studies for several other languages have
also cast doubt on the AM concept of leading and trailing tones
linked to associated tones by a fixed temporal interval (see, for
example, [3], [15], [16]). Nevertheless, the fact that both L2
and H2 are realized near the end of the AP gives us reason to
believe that the two tones form a cohesive unit. No researcher
has ever reported an alignment pattern in which L2 is realized
toward the middle of the AP rather than toward the end.
The pattern of results found for H2 alignment does not
match the predictions of any of our hypotheses. To account
for these results, we could postulate different anchor points de-
pending on syllable structure (one for CV and CVCobs, another
for CVCson). Yet, apparent differences in alignment based on
differences in segmental composition may mask underlying reg-
ularities (see, for example, [2], [3]).3 We therefore looked to
provide a unified account.
Our account is based on the concept of a segmental “an-
chorage,” an area where boats can drop anchor. This metaphor
more aptly describes the alignment of the peak of the French
late rise than the more narrow metaphor of an immovable an-
chor. Our imaginary anchorage might consist of a stretch of sea
bounded by underwater reefs or rocky crags; prudent sailors
will drop anchor only where their anchors can sink into the
sandy bottom, but never beyond the reefs. In our account, the
segmental anchorage for H2 is the region stretching from ap-
proximately 20 ms before the end of the vowel to the end of the
accentual phrase.4 In CV syllables, H2 can thus be realized at
the end of the vowel (or just beyond it). In CVCson syllables,
H2 can be realized at the end of the vowel or in the coda conso-
nant. In CVCobs syllables, H2 can be realized at the end of the
vowel or, in principle, in the voiced part of a voiced obstruent
coda. This latter realization is rare, however, possibly due to ar-
ticulatory constraints. To realize an F 0 peak in a voiced obstru-
ent, the speaker needs not only to maintain vocal fold vibration,
but also to increase the rate of vibration. From the point of view
of production, simply maintaining voicing during an obstruent
requires increased articulatory effort. For the French H2, it may
not be worth expending the effort to realize the peak in a voiced
obstruent, since the peak can be realized with no extra effort at
the end of the vowel and these alignment choices do not differ
phonologically. Realizing H2 in the vowel may also preserve
3Many alignment studies, however, have used materials with mostly
or exclusively sonorant target sequences ([1], [2], and many others).
Thus, for many languages, the influence of syllable structure or seg-
mental composition on alignment is an open question.
4We believe that the righthand boundary of the anchorage region is
the end of the accentual phrase and not the end of the last full syllable
because in cases in which the target AP is produced with a final schwa,
the H2 peak can appear in the vowel or coda consonant of the last full
syllable, but also in the schwa syllable.
cues to the identity of the voiced coda consonant.
While we use the concept of segmental anchorage to ex-
plain peak alignment in the French late rise, we do not claim
that it will account for alignment patterns found in all other lan-
guages. The segmental anchoring literature demonstrates con-
vincingly that for some languages (e.g., Greek [3]), the start and
end points of rises cluster tightly around single anchor points.
Indeed, even for French, segmental anchorage may not provide
an appropriate account for all alignment patterns. What we do
claim, however, is that alignment patterns of the type found
for the French H2 will be found for other languages. That is,
the segmental anchorage alignment pattern is one of a range of
alignment patterns possible in the world’s spoken languages.
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